Background: Carcinoma ex pleomorphic adenoma (CXPA) is a rare aggressive epithelial malignancy arising from a primary or recurrent benign mixed tumor. Only a few case reports describing the radiologic features of CXPA have been published. Purpose: To describe and characterize the magnetic resonance (MR) imaging findings of CXPA in the parotid gland and correlate them with pathologic findings. Material and Methods: The MR images of surgically proven CXPA in the parotid gland of five men and five women ranging in age from 28 to 75 years (mean 52 years) were retrospectively reviewed. All MR images were evaluated with emphasis on the size, margin characteristics, extraparotid infiltration, the presence of an encapsulated component, and signal intensity on T2-weighted or short-inversion-time inversion recovery (STIR) images. Results: The average maximal diameter was 4.3 cm. All 10 tumors had ill-defined boundaries, and seven tumors showed extraparotid infiltration, reflecting invasive growth of the malignant component identified on histological examination. Eight tumors had a round encapsulated component and seven of those signal intensities were a mixture of hypo-and hyperintensity on T2-weighted or STIR images. Histological correlation of these components revealed fibrously encapsulated tumors containing hyalinization and myxoid tissue, suggesting degenerated pleomorphic adenoma. Invasive malignant components had non-specific and various signal intensities. Conclusion: An invasive parotid mass co-existing with a round encapsulated component is suggestive of carcinoma ex pleomorphic adenoma.
Carcinoma ex pleomorphic adenoma (CXPA) of the parotid gland is a rare but aggressive epithelial malignancy. It develops in association with a primary or recurrent benign pleomorphic adenoma (1, 2) . Although fine-needle aspiration cytology has a low sensitivity for this tumor (1, 3) , only a case study has described the magnetic resonance (MR) imaging findings of this tumor (4) . The aim of this study was to describe and characterize the MR imaging findings of CXPA of the parotid glands and correlated them with pathologic findings.
Material and Methods
Ten patients with histologically proven CXPA of the parotid gland were reviewed. There were five men and five women, ranging in age from 28 to 75 years (mean 52 years). MR examinations were performed using a 1.5 Tesla magnet in nine patients and a 3.0 Tesla magnet in one patient. On pre-contrast axial planes, T1-weighted images (repetition time/echo time 466-680/12-20 ms) were obtained in all patients, T2-weighted images (3000 -5800/90 -120 ms) in eight patients, short-inversion-time inversion recovery (STIR) (3400 -4000/30-36) images in seven patients, and diffusion-weighted (DW) images in one patient. Coronal T2-weighted or STIR images were obtained in four patients, and sagittal T2-weighted images were obtained in one patient. In eight patients, axial and coronal post-contrast T1-weighted images were obtained with or without a fatsuppression technique. The section thickness was 4 -6 mm and the range of pixel size was from 0.4 Â 0.5 mm to 0.9 Â 1.0 mm.
Two neuroradiologists retrospectively reviewed all MR images by consensus with attention to the following points: size, margin characteristics, extraparotid infiltration, the presence of an encapsulated components, and signal intensity on T2-weighted or STIR images. Size was measured as the maximal axial diameter of the lesion. The encapsulated component was defined as a round portion surrounded by a low-signal rim on T2-weighted or STIR images. The signal intensity on T2-weighted or STIR images was defined as follows: low signal intensity was defined as less than that of muscle, intermediate signal intensity as greater than or equal to that of muscle but less than that of cerebrospinal fluid, and high signal intensity as greater or equal to that of cerebrospinal fluid. An experienced radiologist and pathologist correlated the findings from the MR images and the pathologic specimens.
Results

MR imaging findings
Representative images are provided in Figs. 1 and 2. The average maximal cross-sectional diameter was 4.3 cm (range 2.5 -5.7 cm). All of the tumors had an ill-defined margin along either the entire circumference or part of the circumference. Seven tumors showed extraparotid infiltration, four into the subcutaneous fat and three into the parapharyngeal space. In addition to being invasive, eight cases contained a round encapsulated component with hypointense rim on T2-weighted or STIR images.
On T2-weighted or STIR images, the invasive components of the tumors usually showed low to intermediate signal intensities, but four tumors exhibited invasive components with hyperintense areas. With respect to the signal intensity of the encapsulated components on T2-weighted or STIR, seven of eight cases showed a mixture of hypo-and hyperintensity.
Correlation between MR and histopathologic findings
The pathological subtypes of the malignant component were classified as adenocarcinoma not otherwise specified (NOS), which exhibits glandular differentiation but lacks diagnostic criteria of other defined tumor categories in four tumors, Hyperintensity seemed to reflect necrosis. With respect to the mixture of hypo-and hyperintensity of encapsulated components, the hypointensity seemed to reflect hyalinization, and the hyperintensity seemed to reflect myxoid stroma.
Discussion
Consistent with previous reports (1, 2, 4) , the average maximum cross-sectional tumor diameter was 4.3 cm, larger than that of pleomorphic adenoma which has been reported as 2.1-2.4 cm (5, 6) .
In eight of our 10 patients, T2-weighted or STIR images revealed that the tumor had both invasive and encapsulated components, which seems to be characteristic of this tumor. MR findings of the invasive component, such as ill-defined margins, occasional extraparotid extension, or hypointermediate signal intensities on T2-weighted or STIR, were consistent with those of previously reported high-grade malignancies of the parotid glands (7, 8) . As for the encapsulated component, the presence of low-signal rim reflecting the fibrous capsule was consistent with previously reported common findings of parotid pleomorphic adenoma (6, 9) . Although the mixture of hypo-and hyperintensity on T2-weighted or STIR images has not been reported previously in parotid pleomorphic adenoma, it seems to suggest longstanding pre-existing pleomorphic adenoma. Pathologically, extensive hyalinization is known to occur in degenerated pleomorphic adenoma (1, 2) , and its delineation as hypointensity on T2-weighted or STIR images is consistent with that of hyalinization in uterine myoma (10) . In addition, the presence of hyperintensity on T2-weighted or STIR images is a well-known characteristic of parotid pleomorphic adenoma, reflecting the presence of the myxoid stroma (5, 6, 9) . Some published articles have reported the usefulness of DW images and apparent diffusion coefficient (ADC) maps in differentiating between benign and malignant parotid tumors, indicating that ADC values of pleomorphic adenoma are generally higher than those of malignant parotid tumors (4, 11, 12) . Although DW images were performed in only one of our cases, the result was consistent with previous reports showing that the malignant component had high signal intensity on DW images, and the benign component low signal intensity. In addition to our proposed findings on conventional MR imaging, the DW imaging finding that suggests co-existence of different tissue types supports the diagnosis of CXPA of the parotid glands.
In conclusion, CXPA can show characteristic MR imaging findings such as co-existence of invasive and encapsulated component. The encapsulated component shows a mixture of hypo-and hyperintensity on T2-weighted or STIR images, reflecting myxoid stroma with hyalinized degeneration in benign pleomorphic adenoma. 
